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intensive research to further decrease the package volume. I 
the very important package techniques to arrange more than on 
single package. In a multi-chip package, chips of processor 
dynamic random access memory (DRAM) and flash memory, and log 
packed together in a single package to reduce the fabrication 
packaging volume. Furthermore, the signal transmission path 
enhance the efficiency. The multi-chip IC packaging technolo 
applied to a multi-chip system with variable functions and op 
frequencies, for example, 
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In FIG. 1, a conventional dual-chip module is shown. A su 
comprising a copper pattern 12 is provided. By means of the 
solder balls 14, the electrical connection to an external dev 
established. A very popular material of the substrate is pol 
with a larger size is adhered onto the substrate 10 with an i 
as a glue layer in between. An insulating layer 20 and a die 
size is then disposed on the insulating layer 16. Conductive 
formed to electrically connect the dies 18, 22 and the substr 
resin 2 6, the dies 18 and 22 and the substrate 10 are molded 
connection between the whole package and a printed circuit bo 
achieved by ball gQQ array (BGA) which use solder balls 14 t 
terminals on the printed circuit board. The drawback of this 
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first to FIG. 3D, a completed chip-on-chip package 300 will 1 
As shown, the chip-on-chip package 300 includes a substrate 
306, and a second die 316. The first die 306 is coupled to tt 
302 by a die attach material 308. The second die 316 is coupJ 
ate 302 by a first set of contacts 318a and 318b. The second 
upled to the first die 306 by a second set of contacts 320. 
st set of contacts 318a and 318b. adhere to an associated on« 
conductive landings 314a and 314b on the substrate 302. Each 

set of contacts 320 adhere to an associated one of a pluralit 
12 on the first die 306 
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A through 3D will now be described concurrently with FIG. 2 t< 
the operations of FIG. 2. FIG. 3A illustrates a cross-sectic 
st die 306 attached to the substrate 302 with the die attach u 
:ordance with one embodiment of the present invention. 

ly, in operation 202 a substrate 302 is provided as shown in I 
ate 302 may take any suitable form for distributing the signal 
; die 316 or the first die 306 to other components that are po 
the substrate or another external sub strate or PCB. For exami 
302 may be in the form of a ball gQE! arrav substrate, as shov 
ier examples, the substrate may be in the form of a pin grid ai 
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ains bond pads 58. These bond pads 56 and 58 connect 
.r respective ICs 52 and 54. These bond pads may 
active circuitry from one or more of the integrated 
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of FIG. 3 is not a vertically stacked 
ire as are the devices of FIGS . 1-2. Due to this 
-dimensional footprint of the device 16 of FIG. 3 is 
le footprint of the devices illustrated in FIGS. 1 and 
y the device of FIG. 3, the overall surface of 
ruit boards which contain the device of FIG. 3 must be 
to accommodate the MCM components. 

>ther manner in which the integrated circuit (IC) 

integrate more functionality into a smaller physical 
ss a highly integrated chip (HIC) 18. In order to 

in a smaller area, the integrated circuit industry is 
lany different types of structures, process steps, and 
.arge integrated circuit (IC) die. HIC devices may 
types of IC modules into a mixed -techno logy device, 
leoretical possibility of a digital si gnal proce ssor 
>cessor 64, an analog to digital (A/D) ^^QE^^9 66 ' 
iynamic random access memory (DRAM) .68, Q nd 
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(IC) packages. More particularly, the invention relates to 
packages that are assembled and mounted onto a substrate havig 
components that are coupled through the substrate with the c| 
package . Jl 

2. Description of the Related Art 

In the field of integrated circuits, chip-on-chip package^; 
within various electronic assemblies. The prominence of chij| 
is due, in part, to the relatively high degree of functional;:;; 
chip-on-chip package. That is, two highly interdependent dig 
together so that each die may quickly access information fro>? 

an application specific integrated circuit (ASI:;| 
dedicated anal og-to- digital (A/D) converter. Th£ 
may be stacked and packaged together such that| 
Input and output (I/O) pads are directly coupleaf 
stacked arrangement allows the ASIC to quickly 
converter's capabilities and convert analog signals to digit>. 
reducing some of the problems associated with long inter conjg 
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apparent from the following detailed description. 

DRAWING DESCRIPTION: 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] Embodiments of the preient invention will now be d ^ribed by ™* 
example only, with reference to the accompanying Figures herein like members 
bear like reference numerals and wherein: 

10039] pigs. 1-4 depict optical communication systems of the present invention 
10040] FIGS. S-B(b) depicts waveband selectors of the present invention; 
10041] PIGS. 9-11 depict transient grating waveband selectors of the present 
invention; and, 

(0042] FIGS. 12-13 depict multi-node optical communication networks of the 
present invention. 

DETAILED DESCRIPTION: 

DETAILED DESCRIPTION OF THE INVENTION 

[0043] The operation of optical systems 10 of the present invention will be 
described generally with reference to the drawings f or the purpose of 
illustrating embodiments only and not for purposes of limiting the same. 

fnn<41 Ganerallv, the optical system 10 includes at least one optical 
transmit U and St least on/optical receiver 14, as shown in FIG. 1. Fact 
Jranamitter 12 is configured to transmit information via one or more 
Information carrying wavelengths 18.sub.i,k contained in at least one waveband 
f r to t£ receivers 14. Each receiver 14 is configured to receive the 
fS^matien carried via one or more of the information carrying wavelengths 

f r " "rutt^rlL, the term "information" should £ 
to include any type of data, instructions, or signals that can be optically 
tranetraittad. 

[0045] As shown in FIG. 1, the system 10 further includes at least . one 
intermediate optical processing no do 20, such as an 22 ' Th< 

"•JSSttlr 12 is configured to transmit an optical signal 24 containing one 
«I« ?i£ ration carrying wavelengths 18; along signal transmission waveguide, 
Tl \ fllTr 26 \o IZ swi^ 22 via input por? 26. The optical P™£", 
Ml. 20 includes one or more waveband selectors, or selective 
aV5 configured to pass and/or substantially prevent the passage of information 
In wavebands lfi.sXi to the receiver 14 via output ports 32. Because the 
EfK£E?i. being manipulated in wavebands, the individual -Ration 
carrying wavelengtha lB.sub.j within the waveband 16. sub. i do not have to be 
separated in individual wavelengths to be managed and processed. Also, the 
individual wavelengths lB.sub.j within the waveband 16.sub.i be varied in th 
ivstem 10 without affecting the configuration of the optical processing :w«g 
lu Saveuigths 18. sub. j in the original signal 24 but not within the waveban* 
16. sub. i are prevented from passing through to the receivers 14. 

[0046] in the present invention, optical signals 24 can be P"f u « d m ^^ ding 
number of wavebands 16, each of which may contain on* or more information 
carding wavelengths in a continuous band of wavelengths or a Plurality of 
wavelength bands For example, a waveband 16 can be defined as having a 
con^nuo^a rangt of .about. 200 G«z containing 20 different information carryin 
wavelengths IB sub. 1-20 spaced apart on a 10 GHz grid. The bandwidth of each 
waveband^ be uniformly^ variably sized depending upon the network c.p«=it S 
requirements. Likewise, the bandwidth of the waveband is not restricted, but 
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[0027] Accordingly, there is a need for optical systems and optical components 
£22 IliSTf r increased network capacity and fleKibiUty One aape^ of «h,ch 
is to reduce the complexity of the equipment and increase the efficiency of the 
transmission system. 

BRIEF SUMMARY OF THE INVENTION 

10028] The apparatuses and Dethoda of the present invention address the above 
needs and concerns for improved m^SUS^S^SS^ ™* ^f^' r f orticaf 
transmission system of the present invention includes one or pore optical 
SiSX S«2niSU« and optical signal receivers optically communicating via 
onTor mo£ intermediate optical processing nodes . Each optical transmitter 
includes one or more optical sources, such as modulated lasers, and is 
configured to transmit information via one or more information carrying 
wavelengths. Each optical receiver is configured to receive one or more of the 
information carrying wavelengths using one or more various detection 
techniques" suc^aa direct detection using optical wavelength filters and 
photodiodes, or indirect detection using coherent detectors. 

The intermediate optical processing nodes include ^rS^^^-^Lp. f add 



10029] 



£0 



and/or drop devices including at least one waveband selector configured to pass 
and substantially prevent the passage of optical wavebands that include a 
pJuraU^f information carrying wavelengths from the transmitter to the 
receiver The optical processing nodes provide for information management and 
processing in ^ebands" instead of " separati ng individual information carrying 
wavelengths from the signal and individually processing each ^v* 1 ®^" In 
tnis manner, high capacity processing of the information can be achieved 
without the prior complexities involved with increasing capacity The 
processing of pluralities of individual wavelengths further provides for 
accommodating varying numbers and distributions of individual information 
carrying wavelengths in the system without having to reconfigure or replace 
system components. 

f0030] In an embodiment of the present invention, the optical processing node 
includes a switch providing cross connections between a plurality of 
transmitters and receivers. Optical signals including one or more information 
clrrying wavelengths are transmitted to o^icai jMgk input ports and are 
distributed to oStical anitch output ports by splitting and/or waveband 
demuSipleKing tSMTopEIcaTsTgnals depending upon the type of waveband selector 
used in the switch. 

10031] uaveband selectors include at least one switch, gate, or filter, such as 
an erbium or mechanical switch, a Bragg grating, or a Mach-Zehnder or 
Fabry- Perot filter. The waveband selectors are generally configured to pass 
one or more optical wavebands from the input port to the output port in one 
mode and/ or to substantially prevent the passage the optical wavebands m 
another mode. A signal is generally considered to be substantia lly P«v«n ted 
from passage, if the signal is sufficiently attenuated such that a remnant of 
the attenuated signal passing through the waveband selector does not destroy 
signals that have been selectively passed through the optical processing node. 
For example, a 40 dB attenuation of a signal will generally be sufficient to 
prevent cross-talk interference between remnant signals and signals passing 
through the optical processing node. 

[0032] In an embodiment, each input signal is waveband demultiplexed to 
separate the input signal into waveband signals. Bach waveband signal is then 
split and each split waveband signal passed through a switch to a respective 
output port. in an embodiment, an erbium doped fiber is used as the switch in 
the waveband selector to pass, as well as to controllably amplify or attenuate, 
the split waveband signal to the output port when supplied with optical pump 
power in the absence of pump power, the erbium fiber absorbs the waveband 
signal, which aubstantially prevents the P a38 *9 e of th " S1 ? pal, j ° n Z°l.Z ' . 
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to restore the t ransmission path. 

[00051 Mentioned as a literature of an optical cross-connect system having such p 

a failure- restoring function is "A Novel Optical Cross-connect System for ; < 

Hitless Optical Netwjrk Reconfiguration", a presentation No. SB- 8-1 at an g 
autumn general conference held in 1993 under Institute of Electronics, 

Info mat ion and Communication Engineers. Proposed and studied in the report y 

are a 64 tines. 64 switch matrix and an optical cross-connect system using it. % 

The 64. times. 64 switch matrix is constituted by employing a 8. times. 8 switch *j 

matrix as the wilding block thereof and connecting the e.tiDes.Bsvatch 3 

matrices in a three-stage link connection manner. As show* in this embodiment, ^ 

in related-art optical cross- connect systems, a general method for embodying ^ 

the high-capacity was as follows: A strictly non- blocking switch matrix is g 
employed as the fundamental building block and then performing a link 

connection of the matrices, thereby embodying the high-capacity. Here, the | 

switch matrix means a switch configuration in such a broader meaning as to make £ 

it possible to switch and connect a plurality of inputs and a plurality of % 

outputs, and includes configurations such as a tree type switch configuration. | 

[0006] As shown in FIG. 1, the optical cross-connect system 2 is provided at \ 

each node on a network and has a function of changing a connection between a ; 

line te~rainal 1 and a transmission path, i.e., the optical fiber 3 or the i 

optical fiber 4. Illustrated in FIG. 2 is a basic system configuration of an g 

optical cross- connect system in the case where M units of line terminals within % 
a r,^* are connected with an optical ««iccfe unit 11 through 2H units ofoP««l | 

fibers 13, and the number of working optical fibers 14 and that of protecting , 

optical fibers IS are set to be 2M and 2R, respectively. A monitor unit 12 \ 

detects failures in the fibers, and the opdLcaJ^ei^tch unit 11, which a control \ 

unit 10 controls, performs switching of connections. Optical signals are ; 

launched into or out of the optical ©witch unit 11, i.e., a main unit in the % 

optical cross-connect system, from both the line terminal side and the \ 

transmission path side. Ohen organizing the optical signals in accordance with j 

the directions thereof, it has been found that the result is summarized as an j 

epical awicch matrix 16. The optical flwitcfc matrix 18, as shown in PIG. 2B, j 

Is"X'sq"uare~matrix having 2M+R units of input ports and 2K4R units of output \ 

ports, i e , a switch matrix in which the number of inputs is equal to that of j 



po 
outputs 



fibers IS are 
the optical 



[0007] Generally speaking, the optical fibers 14 or the optical fibe 
installed as a cable produced by bundling about 24 to 47 units of th 
fibers in total, and connected with each no£a are cables originating from a 
Plurality of neighboring nodes . Accordingly", the number of the optical fiber 
for each nod* extends to"a~s'cale of 200 to 300. This requires that the optical 
cross-connect system, which operates with these optical fibers, also have a 
high capacity corresponding thereto. The biggest problem in embodying such a 
high-capacity optical cross-connect system lies in making the ojBrMaJL_owitrfi 
unit 11, i.e. the main unit in the optical cross-connect system, into a large 
scale switch matrix. 

[0008] combination of a plurality of optical switch devices makes it possible 
to embody such a large scale switch matrix. It is desirable that scale of each 
optical switch devioe itself is large, i.e., the degree of integration thereof 
is high. The degree of integration of an optical device, however, is generally 
so much lower compared with that of an electronic device. For example, as 
described in the related art, it is close to a limit of the present-day 
technology to integrate the 8. times. 9 switch matrices on a single chip. Also, 
structurea of optical switch devices employed in currently embodied integrated 
type switch devices (such as 4. times. 4, and 6. times. 8) are generally inferior 
to those of single-type switch devices (such as 1. times. 2, and 2. times. 2) in 
the fundamental characteristics such as isolation at the time of switching and 
the insertion loss. This inevitably gives rise to a deterioration in the 
optical signal quality at the time of switching, thus making it difficult to 
apply to the high-speed signal the large scale whl ch ia .,*™ b °^ d . 
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Disclosed is a wavelength division multiplexing optical transmission system 
which has: a wavelength- demultiplexing means for receiving a 
wavelength-multiplexed signal that a monitor-signal wavelength component is 
multiplexed to a plurality of main-signal wavelength components and 
demultiplexing the wavelength multiplexed signal into wavelength components, an 
optical switch for receiving the main-signal wavelength components 
demultiplexed by the wavelength- demultiplexing means and switching into either 
one of routes to output directly and to output through a bit- rate-selective 
type regenerator for each of the main-signal wavelength components; 

the bit-rate-selective type regenerator for conducting the regenerative 
repeating to a signal input through the o^yaaijrsawh according to the bit 

and then returning it to the c ? V.ic^ r^lt^h ; a monitor signal receiver for 
receiving and terminating the monitor-signal wavelength component demultiplexed 
bv the wavelength-demultiplexing means; a controller for detecting the bit rate 
and pass-through r^da number of each of the main-signal wavelength components 
by receiving a signal from the monitor signal receiver, generating a control 
signal to control the switching of the ^ :; ^},.^Uch and the regenerative 
repeating of the bit- rate-selective type regenerator, and rewriting information 
to show the bit rate, pass-through nod* number and execution/ non-execution of 
regenerative repeating of each of ^^^K^lli^ ZTJZSlZ £ 



output to the next-stage n*do ; a monitor signal transmitter for receiving the 
information rewritten by the" controller and generating a monitor-signal 
wavelength component; and a wave length- multiplexing means for multiplexing the 
main-signal wavelength components output from the ojp^icsa 



v.crh and the 



monitor-signal wavelength component output from the monitor" signal transmitter. 
BRIEF SUMMARY: 
FIELD OF TUB INVENTION 

t0 001] This invention relates to a HDM optical transmission system, and more 
particularly to, a WDM optical transmission system provided with means for 
monitoring and controlling wavelength components at each node. 

BACKGROUND OF THE INVENTION ^ ^ ^ ^ ^ ^ 
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subject to the regenerative repeating, further writing the pass- through aoce 
number to show that the other wavelength components pass through the nod* 
concerned into the other wavelength components, then outputting them to the 
monitor signal transmitter S. The monitor signal transmitter S generates the 
mo£tor-signal wavelength component (.lambda sub sv) ^f^!?^^^ 
signal from the controller 7, outputting it to AKG 3. ABG 3 multiplexes the 
main-signal wavelength components (. lambda .. sub. 1 to . lambda . 
^iaiiwlrch 2 and the monitor- signal wavelength component (.lambda. . sub. sv) 
Frotthe mon it or signal transmitter S, outputting it to the next-stage node . 

[0071] An optical cross connect type HDM optical transmission system in the 
second preferred embodiment will be explained in TIG. 8. 

r0072] As shown in FIG. 8, a WDM end station S4 comprises a ODM light 
iranaiitt.r S5 to transmit a main-signal wavelength component a to monitor 

gnal transmitter 57 to generate a monitor signal to carry the bit-rate 
information of wavelength components (. lambda. . sub. X to . lambda. . sub. n) and an 
optical coupler 49 to multiplex the main-signal wavelength component and the 
mSniSr-signal wavelength component. The signal from the WDM end station S4 is 
transmitted through nodes 58 to 6S while switching arbitrarily the route of 
eachwavelength component. At each node, the separation/ insertion of the 
monitol-signal wavelength component is conducted so that the monitor signal can 
be always sent to the downstream node. 

[0073] FIG. 3 shows the details of each ?„ode in this system. A a DM optical 
sional to be input is wavelength-demultiplexed by ABGs 8-1 to 8-n, then the 
main^ignal wavelength components (. lambda. . sub. 1 to lambda. . sub. n) are output 
™ SpKil swHcb** 9-1 to 9-n and the monitor-signal "".Lngth ^ZZZr 1 
( lafed^V^ubfsvT'Is output to a monitor signal receiver IX. The monitor 
signal receiver 11 terminates information as to the bit rates of the 
main-signal wavelength components (. lambda. . sub. 1 to . lambda. . sub. n) , 
pass-through node number, execution of regenerative repeating etc., then 
Sutputting it"to"a controller 14. The controller 14 detects a wavelength 
compo^S to need the regenerative repeating and its bit rate based upon the 
Jnromation from the monitor signal receiver 11, and outputs a control signal 
to the o^ica^s^tchas 9-1 to 9-n and bit-rate-selective type regenerators 
13-1 to 13-n"" 

[00741 The optical switches 9-1 to 9-n switch the route of the wavelength 
component to conduct the regenerative repeating into the side of the 
bit-rate-selective regenerators 13-1 to 13-n according to the control signal 
from the controller 14. The other wavelength components not to need the 
r^nerat^ve repeating are output while being switched into -f^t«ry output 
ports The bit-rate-selective regenerators 13-1 to 13-n receive the wavelength 
component signals switched by the optical switches 9-1 to 9-n, co "^J n ^ 
regenerative repeating according to the bit rate based upon the control signal 
from the controller 14, then returning the signals to the optical switches 9-1 
to H-ni oSputting the signals with the other wavelength component signals to 
ABGs 10-1 to 10-n. 

[0075] Also, the controller 14 writes information to show that the regenerative 
repeating was conducted at the node concerned into the wavelength component 
subvert to "e regenerative repeating, further writing the pass-through 
number to show that the other wavelength components pass through the i^d* 
concerned into the other wavelength components, then outputting them to the 
monitor signal transmitter 12. The monitor signal transmitter 12 
monitor-signal wavelength component (. lambda sub sv, accordi ng to 
signal from the controller 14, outputting it to AWGs 10-lto 10-n. AWGs 10 1 to 
10-n multiplex the main-signal wavelength components . lambda. . sub. 1 to 
lambdT sSb.n) from the optical »«£«h«. 9-1 to 9-n and the mo nit or -si gnal 



.lambda, .sub. n) from the o;;ica^£« ^ ■ , 1 "iZZl~ i? 

wavelength component (. lambda. . sub. sv, from the monitor signal transmitter 12, 
outputting it to the next-stage nod* . 
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optical switch 24. 

conduct the regenerative repeating into the aide or oller 29 . Tne 

regenerator 28 according to the control sign al *J« J.^ cepeating are output 
other «^~*f B ;n c ti™ «g:n«« t Sr 2B receives the wavelength 

as they are ^ ""J!£" «* * csl svdtcii 24, conducting the regenerative 

component signal switched by ^^^^^ig^- d signal . Then, the 

^ it to the next -stage nod« . 

" ,o«, A TOM optical ".^i^ion sys«» ^-^Sr^" 

demultiplexed wavelength ^^^l^^^U^X ^ the other ia output to 
33-n, thereby one is output to an c2i^S±^J£!Z.-:.z£ 
a S/K monitor circuit 34. 

regenerative repeating to the optical switch 31. 

> qi switches the route of the wavelength component to 

as they are rate s elect conducting the regenerative 

component signal switched sy ™? ^z£^~~ r -ri^ m i v%1 i signal. Then, the 

2J T - 1 ^..-^— f 1 ' tlien °V C P U ^ A Aiar ~, Tnent AWG 32 multiplexes the 
tTtft regenerative repeating to AWG 32. ™' n ' ™:?T * :?w T t; , h 31/ outp utting 
nain-signal wavelength components output from the K 
it to the next -stage noae - 

fairly fall within the basic teaching here ib set forth. 
[CLMH} 
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ABSTRACT: 

PROBLEM TO BE SOLVED: To enable switching the wavelength of light to be 
selected at a high speed. 

SOLUTION: The wavelength selecting nods is provided with 1st and 2nd optical 
circulators 10 and 12, and respect ive"optical circulators 10 and 12 are 
individually provided with three ports. Between the light circulators 10 and 
12, a wavelength selecting neans 26 is installed. And the wavelength selecting 
means 26 is constituted of a 2ttimes;2 matrix optical sv«.tch 26 and a fiber 
grating 30. The 2c tinea; 2 matrix optical switch *28"Ts" provided with four port 
XI, X2, Yl and Y2, the port XI is connected toT*t he 1st input/ out put port 18 of 
the 1st optical circulator 10 by an optical fiber 40. In the same way, the 
port Yl is connected to the 2nd input/output port 24 of the 2nd optical 
circulator 12 by an optical fiber 42. Besides, one end of the fiber grating 30 
is connected to the port X2, the other end of the fiber grating 30 is connected 
to the port. Y2, the port X2 is connected to the port Y2 by the fiber grating 
30. 
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ABSTRACT: 

PROBLEM TO BE SOLVED: To actualize a distribution network although only 
unidirectional amplification is applied and to provide the coupling device with 
self-restorable property based upon several network nodes which have coupling 
devices and are included in a single fiber connection part. 

SOLUTION: In the ring-shaped optical distribution network equipped with a 
center ncd* and N network ncd^s^ a distributed signal DS is sent by the oenter 
3,212* . in two transmission directions (F and B) . To carry out a drop continue 
function {DC function), each network node consists of a coupling device 21 
equipped with an opJ^al^^sTOjtch 2B wlth"2fctines; 2 terminals and a tapping 
device 33. The switch and tapping device are mutually coupled by a method 
which switches the DC function to only one of the two transmission direction. 
The switch 2B is switched when the distributed signal is not received by the 
network noda any more. This network has self-restorable property against a 
single fault of the network. 
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